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ABSTRACT

(Distribution Limitation Statement A)

Nondestructive evaluations were performed on various composite heatshield
materials before and after underground nuclear exposure. Quality control
nondestructive evaluations were used to select representative rings from a
larger sample. Additional nondestructive testing and nondestructive mechanical
(NDM) evaluatiors were used to characterize the selected rings before and after
exposure. Improved methods of characterizing rings after exposure weve devel-
oped and will be implemented in Carbon-Carbon Design Program. The materials
evaluated included an angled, tape-wrapped carbon-phenolic (R6300); 3D carbon/
quartz-phenolic 3DC/QP); 3D carbon-phenolic (3DCP); 3D carbon-carbon (3DCC);
and felt carbon-carbon (felt CC). A1l materials were evaluated before under-
ground exposure. After exposure the R6300, 3DCC, and felt CC were evaluated.
in the follow-on program the two CC materials will receive further evaluations.
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SECTION 1

INTRODUCTION

Nondestructive evaluations were performed on various
composite heatshield materizals before and after nuclear
exposure., Quality control (QC) nondestructive evaluations
were used Lo select representative rings {ronm a larger
sample which included specimens for pboth this program
{underground exposure) and the Advanced He=*tshield Concept
Assessment {AHCA) program. Adcditional nondestructive testing
(NDT) and nondestructive mechanical (NDM) evaluations were
used to chearacterize the selected rings before and after their
underground nuclear exposure, The materials evaluated included
an angled, tape wrapped, carbon-phenolic (R6300); 3D carhon/
gquartz phenolic (3DC/QP); 3D carbon-phenolic (3DCP); 3D carhon-
carben (3RCC) and felt carbon-carbon (felt CC).

The underground exposure and the related AHCA program were
concerned with the effects of hestile encounter as simulated
by nuclear exposure or flyer plate impact on the properties
of carbon-carbon and phenolic compusite heatshield materials.
For these two programs QC evaluations consisting of ulk density,
visual inspection (witii photographic documentation) and radio-
graphy were complet:d on a total of 67 rings. Uszing the QC
resalts as a guide, ten rings were selected for application in
~the underground exposure, and six rings were selected for nore
extensive evaluations in the AHCL program. Results of the QC
evaluations on the 67 rings are given in Nondestructive,
Thermal and Mechanical Properzies Evaluations of Composite
fleatshield Materials, fecnnical Report AFWL-TR-73-189 prepared
for the Alr rorce Weapons Laboratory.




An unexpoected failure mode of the 3D carbon/quartz-phenolic
(3DC/Q0P) rings and 3D carbon-phenolic {(3DCP) rings durina flyer
plate testing at Kaman Sciences dictated a change in application
of seven of the ten rings selected for this program. These
seven rings had received littie nmore than QC NDT when their
application was redirected. ELight rings were supplied as re-
placements for the redirected seven rings. Two additional rings
(felt CC) had been designated for this program by Sandia
Laboratorics.

The test matrax, Table 1, outlines the specific evalu-
ations ccmpleced on ecach ring in this program. Seven rings
recelived only QC NDT evaluations, Thirteen rinys received
QC NDT plus additional NDT consisting of penetrant inspection,
soni¢ transmission, and sonic velocity. An attempt to polish
the raings for photomicrograp»v (40X) using trimethylpentane was
unsucecessful, These 13 rings were subjected to NDM evaluations
consisting of hydrostatic compression and ring flexure.
After underground exposure, 4 carbon-carbon rings were reevalu-
ated using all of the previous nondestructive evaluations. Three
RG300s were also reevaluated after underground exposure using
all of the previous nondecstructive evaluations except hydrostatic :
COmpression. ’

buring the course of these evaluations, the need for
imuroved technigques to determine material properties of rings
after exvosure to hostile environments became apparent. New
tzchniques were developed and included compressive evaluations
on a curved coupon specimen, tensile or compressive evaluations
on a segment of a complete ring, eddy current evaluations on
the carbon-carbon materials, ciicumferential velocity of a
segmen: of a complete ring, and improved X-ray techniques for
ring-




SECTION II

MATERIALS EVALUATED
AVCO 3D CARBON-CARBON (3D(C)

Tue 3DCC cylinders were orthogonal, three-dimensional, carbon-
carbon composites manufactured by AVCO Corporation. The
composite was fabricated, densified by phenolic impregnation,
pyrolvzed and graphatized. The construction of this material
is shown in Fagure 1.

ST

The 3DCC rings evaluated were identified as 1109-35 #2 and
. 1106-35 #3 and received all evaluations beiore anéd after
- the undergrcund exposure.

SANDIA FELT CARBON-CARBON (FSLT CC)

The felt CC was a multidirectional carbon-carvon composite

from Sandia Laboratories. A rayon felt car<ass wa: reinforced

Ly needling, a process which pulled some of ihe fiturs through

o tiie thickness direction The carcass was infiltroted by vapor
* cdeposition and graphitized.

The felt CC rings evaluated were identified as ¢N-2 ard
9P -2 and were evaluated using all NDT and :DM before and
afrer the underground exposure,

AVCC R6300

The R6300 Composite was a single-phase, 2D, 20-daaree angle
tape-wrapred phenolic-carbon from AVCO Corporation. 4 zkratch of
the construction of this material is shown in Figure 2,

The three R6300 ringe evaluated were identified as 93301~
400, 83301-305-1 (#9) and 83361-305-4. All ringrc receivad wWDT
and NDM evaluations before and after the underground expisure.

AVCO 32D CARBON/QUARTZ-PHENOLIC (3DC/QF)

The 3DC/QP rings were a twb-phase material mede of 3L,
orthogonal, phenolic-graphite over a 3D, orthogonal, phenclic-
guartz manufactured by AVCO Corporation. The radials were
phenolic-carbon. A sketch shcev7ing the constructicn of this
material is shown in Figure 3,

R . - -z ez - R ;. LT R - TS A S -



The 3DC/QP ring identified as IDC/QP ring #3 received only
QC NDT. Rings 83301-202B and 83301-305-5 received full NDT and
NDM evaluations before the underground exposure only.

AVCO 3D CARBON-PHENQLIC (3DCP)

The 3DCP material was a single-phase, 3D, orthogonal, phenolic-
graphite identical in construction to the 3DC/QP material except
without the phenolic-guartz substructure.

The six 3DCP rings identified as #1, #2, #4, %8, #9, and
#11 received QC NDT only. Rings 833(01-200, B83301-202A, 83301~
305-2, and 83301-305-3 received the full NDT and NDM evaluations
before the underground exposure only.

q
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SECTION III
APPARATUSES AND PROCEDURES

NONDEGTRUCTIVE TESTING AND MONITOR EVALUATIONS

VISUAL - For virgin (unexposed) material, visual inspections
(1X to 10X) were made on surfaces to determine material macvo-
level twvpicality and surface anomalies. This was effective for
dets:cting surface variations such as yarn bundle fraction vari-~ s
ations, separations, macrovoids, discolorations, resin-rich and - =
regin-starved areas, yarn bundle wrinkling and spacing variations,
ply spacing variations, and void clusters. Results were documented
photographically.

P 2 SO S . ) A I R

/ For exposed (hit) materials, visual inspections (1X to 10X)
wvere performed on the edges and surfaces of the specimens to
1ssess macro-level structural change. Results were documented
photographically. Results from these inspections were compared
to those from virgin material for assessment of st:ruciural
/change. The Southern Research indexing and orientation Cystems

ol

/ used to locate specific features are shown in Figure 4. Angular
/ locations without any additional desigration are relative to the
/ exposure centerline. Angular locations such as SoRI 90° are
relative to the S$cRI chosen 0° reference. Definitions of terms
/ used to describe structural change are shown in Figure .
/
{

St

GRAVIMETRIC BULK DENSITY - Bulk density measurements for
H specimens were calcuqued from direct measurements of weighty
‘ and dimensions. An awyalytical balance uaving a sensitivity ot
t0.l-gram was used f weighing. Micrometers read to the
nearest U.0005-inch were used for measuring lengths.

1 ong

e
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RADINGRAPHY - Radiography was peorformed using statz-ol-the-
art X-ray techniques for low-absorptive materials. The radio-
graphic unit used was a Radifluor 360 manufactured by Torr X-ray
N Corporation, a division of Phillips Electrcnics. This unit is
! rated for operation from 0 to 120 kv at either 3 or 5 ma, making
! it ideal for phenolic and carbon-carbon type materials. Tihe
f unit incorporates certain characteristics that are essential

for examination of low absorptive materials with high resolutiun
and sensitivity. The focal spot size is 0.35 mm, and the X-ray
tube window is 0.015-inch thick beryllium. A small focal spot
size provides high sensitivity and distortion-free imaging of
small discontinuities. Radiographic sensitivity using extra-fine
grain film is within 1 percent (per MIL STD 453).
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Operational and film devclopment procedures were consistent
with conventional good rediographic practices. For example,
image sensitivity and contrast was enhanced by using minimum
power settings for longer time periods. Sharp imaging was
ensured by using extra-{ine grain film (such as Eastman Type M)
and by using a long focus to film distance (FFD) of up to 46-inches.
Hand film processing in accordance to the film manufacturer's
suggested procedure was used to assure maximum gquality. Image
quality was checked using penetrameters from similar material.
Penetrameter hole sizes used were 1/2T, 1T and 2T (1T and 2T holes
as defined by MIL-STD-453). Radiographs were inspected in a dark
room using a high intensity (variable) spot illuminator.

ULTRASONICS - Basic apparatus used in the ultrasonic
measurements of velocity and through-transmission are a Sperry
UM721 Reflectoscope and a Tektronix 564 Oscilloscope. Velocity
is evaluated using the through-transmission, elapsed-time tech-
nigque. The Sperry UM721 is used as the pulser, and the Tektronix
564 complete with a 3B3 time base (precision of 1 percent) and
a 3A3 vertical amplifier is used as the signal measuring device.
Transmission measuremerts were made using the pulse through-
transmission technique with an in-line attenuator to simulate
the varying degrees of structural change, The basic apparatuses
used were the Sperry UM721 as the signal pulser, the Tektronix
564 as the signal measuring device, and a Kay Model 20-0, 41-~dB
in-line attenunator for asscssing relative structural change in
the various specimens.

In using the through-transmission, elapsed-time technique
for measuring acoustic velocity, a short pulse of longitudinal-
mode sound is transmitted through the speciman. An electrical
pulse originates in a pulse generator and .s cpplied to a ceramic
piezoelectric crystal (SFZ). The pulse generated by this crystal
is transmitted through a short delay line and inserted into the
specimen. Tihe time of insertion of che leading edge of this
sound beam i3 the reference point on the time base of the oscil-
loscope which is used as a high-speed stopwatch. When the leading
edge of this pulse of energy reaches the other end of the specimen,
it is displayed on the oscilloscope. The difference between the
entrance and exit times is used with the specimen length in cai-
culatirng ultrasonic velocity. A short Lucite delay line is used
teo allow time isolation of the sound wave from electrostatic
coupling and to facilitate clear presentation of the leading
edge of the entrant wave resulting in a more accurate "zero" for
time.




Using 0.5/1.0 MHz transducers coupled with alcohol, the
precision for this velocity measurement technique has been estab-
lished for polygraphites such as ATJ~S as $0.002 inch per micro-
second for a 4-inch long by 1/2-inch diameter specimen and as
$0.010 inch per microsecond for a 1/4-inch long by 1/4-inch
diameter specimen., High purity trimethylpentane was used as the
coupling medium for these evaluations.

In using the thrcough-transmission technique for detecting
structural variations, Figure 6, sound is {ransmitted through
the specimen and displayed by the oscilloscope. The gain of
the oscilloscope is held constant and a calibrated step atten-
uator located in the input circult is used to maintain the
displayed wave-form at a constant amplitude. Values of trans-
mission (called added-dB) relative to a reference material may
be read from the step attenuator. Measurements are made in a
bath (trimethylpentane for these evaluations) to minimize effects
of contact coupling and near field effects. A suitable fixture
is used to align the transducers and to hold the specimen squarely
in the sound beam. When specimen geometry is such that part of
the energy in the sound beam cculd by-pass the specimen, foam
padding is used as a block to absorb this energy. The sensitivity
of the calibrated attenuator is 1 dB with a minimum-maximum from
0 to 41 dB.

LIQUID PENETRANT INSPECTION - Volatile liquids are used on
porous materials such as graphites, phenolic and carbon-carbon
composites as a nondestructive test for surface discontinuities
such as gross porosity, wide density variations, large inclusions
and cracks. When a material is wetted with a volatile liquid,
porous areas and cracks remain wet for a longer period of time
than the surrounding material. This differential evaporation
effect is discernible by visual observation. Although this
technique is not quantitized (it probably could be), it is
effective in revealing surface discontinuities,

The volatile liguid inspection procedure involves the
following:

1. Application of a volatile liquid to surface of specimen
usually for 5 to 10 seconds. This can be done by flooding,
brushing, or immersing.

2. Inspection of specimen surface as the liquid evaporates.
Porous areas will remain wetted while the surrounding smooth areas
will dry. Cracks also will remain wetted depending primarily upon
the depth and width of the crack.,
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3. Record is made of visual observations.

This technique is useful in revealing surface discontinu-
ities. Other NDT methods of inspection such as ultrasonics and
radiography can be used in conjunction with the penctrant
inspection to determine the extent of the surface discontinuity
internally. The volatile liquid used was high purity, 2, 2,
4-trimethylpentane.

NONDESTRUCTIVE MECHANICAL EVALUATIONS (NDM)

All rings receiving the full NDT evaluations also were
given nondestructive mechanical evaluations. %“wo different
methods were used bzfore and after the underground exposure:
first-ring flexure evaluation and second-hydrostatic compres-
sion evaluation. During these evaluations, the rings were
loaded to no greater than 20 percent of the ultimate strength
as defined by data from the Advanced Heatshield Program (AHP).

RING FLEXURE - A schematic drawing of the setup used for
the ring flexure evaluations 1s shown as Figure 7. The ring
was instrumented with four strain gages on the inside surface
oriented in the circumferential direction, The ring to be
evaluated was located between the craossheads of 2 Tinius-Clsen
testing machine. Three dial indicators were located around
the ring to measure radial deflections i&s shown in Faigure 7.
Strain was read using a Baldwin strain indicator. Load was
read from an internal load cell in the testing machine. The
ring was loaded incrementally and all dial indicator and strain
gages read at each load increment. The ring was loaded to 20
percent or less of its ultimate strength, The sequence was
repeated at least twice with the arbitrarily selected NDT zero
orientation under the loading pad, rotated 45 degrees counter-
clockwise and at 90 degrees to the vertical. Modulus values
were calculated using classical ring eguations.

pot

HYDROSTATIC COMPRESSION - The hydrostatic compression
evaluation was run in a hydrostatic loading rig shown sche-
matically in Figure 8. The loading medium was a thin wall
rubber bladder which was connected to a hydraulic cylinder.

The bladder was contained on the ocutside diameter by an cuter
closure ring and top and. bottom closure plates. The bladder
was contained on the inside diameter by the test ring and spacer




rings. The spacer rings were sized to give an assembled height
with the test ring in place which was 0.005 inch less than the
outey closure ring. The bladder was oversized for the cavity
in the rig and this combined with its thin wall ensured that
the bladder supperted a negligible portion of the hydraulic
loading. The hydraulic system was filled and bled. The
hydraulic cylinder was loaded in a Tinius-Olsen testing machine.
Load was measured by an internal load cell in the testing
machine. This was was converted to hydrauli¢ pressure and
stresses were calculated using thick wzlled cylinder relation-
ships. R

R2
g = 2P -
2 2
RZ - RJ
where

g = Circumferential stress at I.D.
P = Hydraulic pressure
R, = Outside radius
R, = Inside radius

Strain was read using a Baldwin strain indicatcr., From the
stress and strain values modulus was calculated using the
Hook's Law relationship:

¢ = Ee




SECTION IV
DATA AND RESULTS

NONDESTRUCTIVE TESTING AND MONI1TORS

AVCO R6300 - The NDT and monitor results on Rings 83301~
305-1, 8330i-305-4, and 83301-400 are presented in Table 2 and
Figures 9 through 14. Material background and before and aftexr-
exposure variations as indicated by vision, X-ray, and liquid
penetrants are also detailed in the table and figures.

Generally, the material background was similar to AHP
R6300 material which was reported in "Thermal and Mechanical
Properties of Advanced Heatshield Resinous (CP) and Carbonaceous
TCC) Composites' No. AFML-TR-72-160, Varlations considered ]
typical for the rings were residual porosity to 20 mils,
Figure 9a, and reinforcement wrinkling Figure 9b.

The following results were obtained for before and after-
exposure values of density, axial velocity, radial velocityv.,
and radial transmission. For Ring 83301-305-1, the respective
values were 1.338 and 1.343 gm/cm’, 0.129 and 0.130 in./usec,
0.127 and 0.114 in./usec, and 44 and 43 added-dB. Significant
variations in radial velocaty and transmission were measured
in the exposed ring. For radial velocity, low values of 0,0887,
0.0996¢, and C.1011l in./usec were measured ac 0°, 45°, and 315°.
For transmission, low values of 34 and 35 added-dB were measured
at exposure 0°. A slight variation in thickness was measured
for the exposed ring. As shown in Figure 10, thickness varied
{rom 0.4048-inch at 315° to 0.,4132-inch at 90°. For King
83301-305-4, the respective values were 1.339 and 1,341 gm/cm?,
0,128 and 0,120 in./usec, 0.124 and 0.124 in./usec, and 49 and
48 added-dB. There were no significant local variations in the
data for the exposed ring, including thickness variations around
the ring. For Ring 83301-400, the respective values were 1.340
and 1.343 gm/cm®, 0.128 and 0,130 in./usec, 0.124 and 0.123
in./usec, and 48 and 47 added-dB. There were no significant
local vaiiations 1n the after~exposure data, and no significant
thickness variation around the ring,

Visual, X-ray, and liguid penetrant inspections on tre vir-
gin riags revealed a single flaw in Ring 83301-305-1. A z0-mil

low-absorptive area was indicated by axial X-ray close to the inner
edge at 180°. The 0° orientation was designated to avoid this flaw.
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Sketches summarizing the NDT and monitor inspe~ntion results
on the virgin rings are given in Figures 11 through 13.

X
>

Some structural change was indicated in exposed Rings
83301-305~1 and 83301-400 by visual, X-ray, and liquid penc-
trant inspections. For 83301-305-1, the change was visually
apparent matriX damage on the front face (outer surface) of
the exposed area, Figure 14. Also, increased porosity to a
depth of 100 mils on the rear face (inner surface) of the
cxposed zone was visually apparent. For 83301-400, the only
: change detected was increased porosity to a dapth of 80 mils
B on the rear face (inner surface) of the exposed zone. No
change was detected in Ring 83301-305-4.

- ey,

T AVCO 3DCP - NDT and monitor inspection results on virg.in

: Pings 1, 2. 4, 8, 9, 11, 83301-200, 83301-202A, 83391-305-2,
and 83301-305-3 arc presented in Table 3 and Figures 15 through
25. Because of an unexpected failure in some 3DC/QP rings sub-
jected to flyer plate testing at Kaman Sciences, work on some
rings was stopped and application was redirected. The
data presented include only the results from the virgin inspec-
tions.

The material background was generally similar to

3+ AHP 3DCP reported in AFML-TR-72-160, For Rings 1, 2, 4,

= 8, 9, and 11, the material had lower porosity and straighter
circumferentials than the AHP material, Figure 15, For Rings
83301-200, 83301-202A, 83301-305~-2, and 83301-305-3, the
material had an extremely high residual porosity along the
radials, Figure 16. The reinforcement in both sets of rings
was workmanly placed,

The following results were obtained for virgin values of
density, axial velocity, radial velocity, and radial trans- |
mission. For Ring 1, the respective values were 1.406 gm/cm’,
0.371 in./usec, 0.165 in./Usec, and 25 added-dB, For Ring 2,
the respective values vere 1.415 gm/cm’, 0.367 in./lisec, 0.164
in./usec, and 28 added~dB. For Rings 4 and 8, the work stoppage
occurred before the velocity and transmission measurements were
made. The respective densities of these two rings were 1.409
and 1.412 gm/cm’. For Ring 9, the respective values of density,
axi1al velocity, radial velocity, and radial transmission were
1.413, 0,366 in./usec, 0.168 in./usec, and 24 added-dB., For
Ring 11, the respective values were 1.4C4 gm/cm’, 0.370 in./usec,
0.167 in./usec, and 23 added-dB, For Ring 83301-200, the respec-
tive values were 1.316 gm/cm’, 0.284 in./usec, 0.193 in./usec,
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and 30.5 added-dB. Tor Ring 33301-202A, the respective values
were 1,317 gm/cm 5, 0.284 in./Misec, 0.188 in,A sec, and 26.5
added-ds. Fox Ring 83301-305-2, the respective values werc
1.316 gm/cm’, 0.285 in.Aisec, 0.190 in.AMsec, and 206.5 added-dB.
For Ring 83301-305-3, the respective values were 1.321 gm/cm’,
0.281 in./usec, 0.189 in./usec, and 28 added-dB.

Visual, X-ray, and liquid penetrant inspection (except
liquid penetrant on Rings 4 and 8) were completed on all
designated rings before the work stoppags. No single flaws
were revealed in Rings 1, 83301-200, 83301-202A, and 83301~
305-3,., For the other rings, flaws or anomalous material
variations generally consisted of various indications of resin
starved areas around radials by vision and low-absorptive
alignments by a:r.al X-ray. These and other variations are
detailed in Table 3 and are depicted in Figurcs 17 through 19.
Sketches sunmarizing the NDT and monitor inspectionr results
on Rings 1, 2, 83301-200, 83301-202A, 83301-305-2, and 83301-
305-3 are given in Figures 20 through 25,

AVCO 3DC/QP - NDT and monitor inspection results on virgin
Rings 3, 83301-202B, and 83301-305-5 are presented in Table 4
and Figures 26 through 29. Again, because of the unexpected
failure in some 3DC/QP rings subjected to flyer piate testing
at Kaman Sciences, work on some rings was stopped, and their
application was redirected. The data presented include only the
resuits from the virgin inspections.

The material background was generally considered similar
to AHP 3DC/QP material reported in AFML-TR-72-160. For
Ring 3, the material had lower porosity and straighter
circumferentiels than the AHP material, Figure 26. For Rings
83301-202B and 83301-305-5, the material had an extremely high
residial porosity along radials and between axials, Figure 27,
Also,. for these rings, missing pleces of axials and circum-
ferentials from machined surfaces and residual porosity between
radials aid axials at the inner surface were typical of the
material, Figures 26 and 27.

The following results were obtained for virgin values of
derolty, axial velocity, radial velocity, and radial trans-
r.ission. For Ring 3, the respectlve values were 1.476 gm/cm’®,
0.343 in./usec, 0.166 in./dWsec, and 30.5 added-dB. Fcr Ring .
83301-202B, the respective values were 1.343 gm/cm®, 0.287 in./
usec, 0.192 in./usec, and 21 added-dB. For Rlng 83301 305-5,
the respective values were 1.354 gm/cm®, 0.284 in./usec, 0.192
in./lsec, and 21.5 added-dB.
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~ No single flaws were detected in the virein rings by
vision, X-ray, and liquid penetrant, Sketches summarizing

‘the NDT and monitor inspection results on Rings 83301-202B

and 83301-305-5 are given in Figures 28 and 29.

AVCO 3DCC - The NDT and monitor results on Rings 1109-35-2
and 1109-35-3 are presented in Table 5 and Figures 30 through
26. Material background and before and after-exposure variations
indicated by vision, X-ray, and liquid penetrant are also detailed
in Takle 5 and Figures 30-36.

For background, the material was generally uniform, workman-
like, and similar to AHP 3DCC material which was reported in
AFML-TR-73-369. The exception was that the delams (alsoc called
debond and matrix rich areas) along the circumferentials were
more frequent than for the AHP matcrial, Figure 30, These delams
were uniformly distributed throughout the material. Also, missing
radials in machined edges were also typical of the material.

The following results were obtained for before and after-
exposure values of density, axial VClOClty, radial velocity, and
radial transmission. For Rlnq 1109-35- the respective values
were 1.638 and 1.636 gm/cm 0.375 and 0 363 ir./Mseq, 0.244
and 0,218 in./pysec, and 18 and 22 added-dB. Systematic shifts
were measured between the before and after data; however, no
signiticant local variations were measured in the exposed ring.
The variation in thickness around the exposed ring was only
slight, Table 5. For Ring 1109-35-3, the respective values
were 1.64% and 1.640 gm/cm?®, 0.377 and 0.356 in./usec, 0.247 and
€.227 in./usec, and 22 and 21.5 added-d3, Again, systematic
shifts were measured between the before and after data, but no !
significant local wvariations were measured in the expnsed ring.
There was no significant variaticn in thickness around the ring,
Table 5.

Visual; X-ray, and ]iquid penetrant inspections on the
virgin rings revealed no single flaws. Skeiches bun'unariaing
the NDT and monitor inspection results are given in Figures
31 and 32.

Structural crange was visually apparent in both rings.
Photographs showing the as-received rings are given in Figures
33 and 34. Generally, for both rings, the change consisted or
rarsed or recessed and missing radials, crackinyg along local
preexisting circumferential delams completely arcund the ring,
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spalled sections of matrix and circumferential reinforcement
(circs) over radials in edges, yarn lift from the front face,
and discolorations (dark) on the front face. These and other
changes are detailed in Table 5 and Figures 35 and 36. Abcorp-
tion of trimethylpentane into edges of both exposed rings was
higher in the exposed zone than out of the exposed zone. The
only change indicated by axial X-ray was a 1-1/2-inch Zong
circumferential low-aksorptive alignment at 315°. )

SANDIA FLELT CC - The NDT and monitor results on Rings 9N-2
and 9P-2 are presented in Table 6 and Figures 37 through 43.
Material background and before and after-exposure variations
indicated by vision, X-ray, and liquid penetrant are also
detailed in the table and figures. For background, the material
was typical Sandia felt CC and was uniform thrvoughout. Residual
porosity was to approximately 12 mils, Figure 37.

The following results were obtained for befecre and after-
csposure values of density, axial velocity, radial velocity,
and radial transmission. For Ring 3N-2, the recpective values
were 1,813 and 1.814 gm/cm’, 0,116 and 0.115 in./usec,; 0,119
and 0.117 in./usec, and 51.5 and 49 added-dB., Local shifts in
after-exposure radial velocity of 0.1117 at 90° and 0,1100 at
315° were significant variations. The variations in after-
exposure axial velocity and radial transmission were systematic
rather than local, A slight variation in thickness was measured
around the ring. The thickness varied from approximately 0.497
inch at 0° to 0.49Y inch at 90° and 270°; Table 6. For Ring
9P-2, the respective values were 1.830 and 1.830 gm/cm®, 0.115
and 0.112 in./usec, 0.117 and 0.118 in./usec, and 52 and 50.5
added-dB. The only s.gnificant local vgriation was in the
value of radial velocity of 0.1095 in./ysec at 315°. A vari-
ation in thickness similar to 9N-2 above was measured for 9P-2.
The thickness varied from approximately 0.4975 inch at 0° to
0.499 inch at 90° and 270°, Table &,

From the visual, X-ray, and liquid penetrant inspections
on the before-exposure rings, only axial X-ray was effective
in determining single flaws. For 9N-2, the single flaws re=-
vealed were a single skew low-absorptive alignment at 110 - 125°
and a single 0.15-inchk long radial low-absorptive alignment which
extended inward from the outer surface at 255°, TFor 9P-2, the
only single flaw revealed was a l/4-inch by 1/2-inch low-
absorptive area near the inner surface at 225°. Orientations
were designated to avoid these flaws., Sketches summarizing the
NDT and moniter resulis are given in Figures 38 and 39,
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No really significant structural change such as cracking
. was detected in these two rings. Photographs showing the rings
1 as-received are given in Figures 40 and 41. For 9N-2, the only
changes or noteworthy observations were that the exposed-zone
L segment of the bottom edge was slightly more porous, Figure 42a,
5 and the exposure-zone outer surface (front face) was slightly
discolored (dark) and roughar in texture, Figure 42b and c. For
9P-2, change and noteworthy observations were discoloration (dark)
on top edge, 80 mil chip in top ocuter edge at 315°, higher porosity
in exposure-zone of bottom edge, 20-mil vcids in bottom edge at
240 - 255° and 270°, and material removal and discoloration
in exposure-zcne front face. These changes are detailed in
Table 6 and depicted in Figure 43. Axial X-ray anrnd liquid
penetrant inspection did not reveal any structural change in
these rings.

NONDESTRUCTIVE MECHANICAL EVALUATIONS

The two 3DCC rings and two felt CC rings which were exposed

~in the underground event and one ring of each material which had ]

received flver plate testing at Kaman Sciences (called XKaman ¥

equivalents) were all disassembled at Southern Research, Table E

7 sammarizes diameter measurements at various stages of assembly ]
and disassembly. It is interesting to note that the out-of-
roundness figures indicate that the Kaman hit rings were more

distorted than the station 4, underground exposure rings which

were supposed to have had similar energy inputs.,

i
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Table 8 contains the results of all bulk modulus evaluations
on the rings of the underground exposure program plus the two
rings which had received flyer plate testing at Kaman Sciences.
From the results several conclusions may be drawn.

e T

ey

1. Tiae modulus values of the 3D materials calculated from

deflection measurements from ring flexure are generally lower

than for the other evaluation methods. (The more homogeneous
materials, felt CC and R63060, do not show this result.) One
possible explanation for the low modulus values could be the

shear deflections which are prokably increased for the 3D materialsg
over the more hor geneous materials by the numerous small cir-
cumferential delaminations which seem to be more prevalent in

them, i

i a2 s

2., The moduli values of these rings seem to be similar
to those measured in the AFP program on coupon specimens. See
the last four columns of Table 8 for the AHP data range.
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3. The 3DCC station 4 ring and Kaman ring seem to have
similar retained moduli.

4. The felt CC station 4 ring and Kaman ring seem to
have similar retained moduli, but this conclusion is not
quite as evident as for the 3DCC rings,
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SECTION V
IMPROVED METHODOLQGY

As this program on underground exposure rings proceeded,
other Air Force programs had been developing, such as the
Carbon-Carbon Design ¥rogram (CCDEF), where other arcs and
rings were being hit above ground by mag fliers and high
explosive. It became apparent that the underground rings
shiould not be subjected to further tests an4 certainly not
destructed until additional tests could he developed using both
noniestructive energies (NDT) and nondescructive (low stress)
types of mechanical tests (NDM) that woul:i not further damage the
materials. Therefore, the work on the underground rings was
stopped and this program was directed toward improving those
needed additional tests including eddy curient (NDT), circum-
ferential velocity (NDT), turntable X-ray (NDT), curved coupocn
compression (NDM), ring segment tension (NDM), and ring segment
compression (NDM). All of the NDM tests may be used to
fracture 1f desired. Recall that only the two carbon materials
are now availlable for further evaluations.

EDDY CURRENT

The use of eddy current evaluation on the two carbon ma-
teriales invelved the applization of an old technology in .a
new way. In eddy current testing, a transducer (coil ov
double coi1l) is held close to a material and couples to the
workpiece by the impedance resultino from the resistunce
and reactanace of the material. Normally, an operating
mode 1s selected so that the measurement is sensitive to
the surface of the work and surface anomalies, such as
small cracks. However, it is possible to operate the
equipment in null-reject and at a frequency such that it
monitors primarily the resistance of the material in depth
or nearly through the thickness of a ring. This latter
mode was chosen so that in-depth damage to a ring (from
shock loading) would be related to instrument output.
Indeed, an extremely tight correlation has been found on
arcs and raings for output versus impact level. This
inspection method will be used on the carbon-carbon under-
ground rings.
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CIRCUMI'ERENTIAL SEGMENT VELOCITY

Another NDT method was found that correlates the damage
in the rings quite well-circumferential segment velocity.
In this technique, the normal instruments for measuring sonic
velocity are used, but thz longitudinal wave is introduced
into the ring over a circumferential segment about 3-~1/4
inches long. On shorter 2-inch arcs, the technique was not
successtful and so was discarded; however, at the longer segmept
lengths, gcod correlations are being found with damage. This
technique also is now being employed on the underground rings.

TURNTABLE X-RAY

In earlier work, axial X-rays were made on groups of arcs
and on rings with the X-ray aperture at (and above) the geo-
metric center of the general field of view. This has been
altered so that, in case of a ring, it is rotzted wunder the
aperture providing a direct path through areas (or cracks)
concentrically positioned in the ring and on to the film in a
normal, or 90°, approach. Since the ring i: rotated under
the aperture, the method is called turntable X-ray (TTX). The
X-rays are sharp and a picture of the entire ring can ke
presented in peiflzct geometric reproduction for cverlay com-
parison between virgin and damaged material,

CURVED COUPON COMPRESSION

Circumferential compression coupon testing historically
has been accomplished using a straight specimen, This method
vields good results on an homogeneous material; however, if the
material is a composite with curved elements in the circum-
ferential direction, results from straight specimens do not
give the best results. Moreover, the outer fibers of a
material can not be tested using a straight specimen.

Testing a curved specimen has always given poor ultimate
strengths and poor estimates of other properties due to
pending, which has invariably been associated with this type
test. To obtain good results from a curved specimen, the
bending stresses must be controlled.
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The technique developed at SoR: for compression consists
of testing a curved specimen with fixed ends and the option of
restraining lateral motion in order to achieve 100 percent
uniaxial (P/A) stress. The apparatus used is shown in Figure
44. The specimen is rigidly fixed in the grips so there is no
motion of the specimen ends relative to the grips. The grips
are inserted in a close fitting sleeve which allows only axial
motion; therefore, load to the specimen is applied only axially.
This basic setu; would still allow bending in the specimen and
could not achieve ure compression. To restrain the specimen
from bending a lateir..l support at midspan is used.

This apparatus allows the lateral load to be varied during
a run; therefore, the capability exists of running compression
tests at any given ratio of P/A stress toc bending stress that
1s desired, Some stress-strain curves for curved compression
are shown in Figures 45 through 47 and 54. Strains on Figures 45
through 47 and 54 were measured with clip-on extensometers
located on the edges of the specimen so that the output was an
averadge strain across the specimen. Figure 48 summarizes the
results obtained in the test fixture on the influence of
repeated cycling on the initial modulus of curved 3DCC specimens.
Figure 49 shows the results of a run on a 3DQP specimen with
strain data measurements from independent strain gages on the
two curved surfaces. This run illustrates the close agreement

1 . . TAN nmnmm + T /AN
possible hetween the twe gtrain cutputs {100 percent P/A)

by using the lateral support.

Typical results shown in Tables 9 through 11 illustrate
the difference in strengths for curved specimens which were
unsupported and supported. The supported runs were run at
approximately 60 percent P/A. (This value was determired on
a later test).

The results obtained at 100 percent P/A are in good agree-
ment with strengths obtained from ring testing.

RING SEGMENT TESTING

Ring segment testing was developed to yield improved
estimates of the elastic modulus of selected sections of
virgin and degraded rings in a controlled stress field and
without introducing further degradation, Methods used in
the early portion of this program were ring flexure and
hydrostatic compression or tension. Ring flexure evaluations
provide a stress field that is essentially bending and require
assumptions about the distribution of the modulus of the ring
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since the entire ring is stressed. HdAydrostatic compression and
tension evaluations are somewhat sensitive to geometric and
material imperfections or nonuniformity and tend to give an
average of the entire ring. By isolating the segment of the
ring under test from the remainder of the ring, the new
evaluation method eliminates the need for distribution assump-
tions and simplifies the data reduction methods.

Basically, as shown in the sketch in Figure 50, the entire ‘
ring, except for a small arc on each side, is cowmpletely £fixed e
in the fixture. When evaluated without lateral supports, the
major portion of the stress in the gage sections is bending.

When properly applied lateral supports are used, the bending

stresses are reduced, thus giving a more uniform stress field.

By using strain gages on the inside ana outside surfaces, the

ratio of P/A to total stress may be determined and controlled. :
If the support is just firmly applied before testing, the i
resulting stress distribution is approximately 50 percent P/A.
By adjusting the supports during a run, the ratio of P/A to
total stress may be maintained at any level desired. Figure
S1 shows the results of tests for varying percentages of P/A.

RING SEGMENT COMPRESSION (RSC) - This test is run using
the above philosophy. The outside support ig used during a ;
compressive run to maintain the perxcentage F/A desired. It
is important that support adjustments be made continuously
during a run and that they be removed continuously during
unlioad in order not t¢ crack the ring due to side loading or
bending stresses.

RING SEGMENT TENSION (RST) - This test is run essentially
the same as RSC, *the main difference is that the inside surface
supports are adjusted to control the percentage P/A.

RING SEGMENT RESULTS - Some of the results from initial
evaluations with the fixture are shown in Figures 52 and 53,
Two cycles of a compressive load/unload run on a felt CC ring
are shown in Figure 52, This run was made at 100 percent P/A,
This figure shows that permanent deformations may be induced
and the effects on properties for subsequent loadings or the
cumulative effects studied. Figure 53 shows the results of
load//unload in tension/compression on a felt CC ring. Again,
the runs were made at 100 percent P/A,

20
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COMPARISON OF RING TESTS - Two 3DQP rings were used for

~this comparison. These rings were nondestructively tested by
ring flexure, hydrostatic tension and compression, and ring
segment tension and compression. The resulting MOEs found

are shown in Table 12. It can be seen from this table that
the agreement of hycGrostatic (pure) tests and rlng segment

tests is good. = = . . ... :
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SECTION VI

ADDITIONAL EVALUATIONS

The experimental technigues (NDT and NDM) described in the
previous section have now been demonstrated and are operable.
Under CCDP additional data on the two 3DCC rings and two felt
CC rings from the underground exposure program plus the rings
of each material from the AHCA program will be generated. The
full program to be run on these rings is shown below and will
provide the final analysis to this program. Of course a portion
of this work has already been accomplished and some of those
results are included in this report. It is extremely fortunate
that the underground exposure program permitted these refinements
and, thus, a better, eventual analysis of the results of under-
ground nuclear exposure.

MATRIX FOR 3DCC AND FELT CC UNDERGROUND EXPOSURE AND KAMAN SCIENCES
EQUIVALENT RINGS

A. Nondestructive Testaing (NDT): density, turntable X-ray,
ecdy current, circumferential velocity, radial velocity, and
radial attenuation.

B. Nondestructive Mechanical Evaluations {(NDM).
1. Ring flexure.
2. Ring hydraulic compression (buckle measurements).
3. Ring hydraulic tension,
4., Ring segment compression at 40 percent and 100 percent P/A.
5. EME (Kaman test).

C. Cut to three subrings: 0.6 inch height, about 0.35 inch
height, and about 0.35 inch height; remove edge.

D. Prime NDT on each of three subrings.

E. NDM on each of three subrings.

ik ik

Wb Wk

Ring flexure.

Ring hydraulic comprescsion (buckle measurements).

Ring hydraulic tension.

Ring segment compression at 40 percent and 100 percent P/A.
EME (Kaman test).




F. Slice three subrings to in/out: 0,150-inch in and 0,150
inch outer,

G. Prime NDT on three subrings in/out.
. NDM on each of in/out of each subring,

l. Ring flexure.

« Ring hydraulic compression (buckle measurements).

.  Ring hydraulic tension.

. Ring segment compression at 40 percent and 100 percent P/A.
5. EME (Kaman testi}.

[~V N ]

I. Destructive evaluations on center subring {(may add a hard
test).

TSR VI SR

1. 1Inner: hydraulic tension.
2. OQuter: ring segment compression or hydraulic compression.

i T

J. Destructive evaluations on end subrings,

l. Inner: hydraulic tension or ring segment tension.

2. Outer: ring segment compression cr hydraulic compression.
X. NDT of remnants.
Notes:

1, Key rings to arcs per other work before step I.

. Key end point tests are on "center" rings; "edge"
rings for additional information if uniformity all
right.
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Reinforcement: Pluton B-1

Matrix: EC201 B.7 in. O. D.

Figure 2. AVCO R6300 - Single-Phase, 2D, 20-Degree Angle
Tape~Wrapped, Carbon Phenolic
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Front Face Crack

Front Radial Recession
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Rear Radial Recession
(Bulk Expansion of Laterals
Toward Rear Face)

Front Yarn Lift
Re¢r Yarn Lift

Front Crush
Matrix Spall
¥Yigure 5,

Definition
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Figure 6, Ultrasonic Attenuation Setup Using the Pulsed
Through-Transmission Technigue
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Figure 9. vhotographe Showing Typical AVCG R6300
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Note: Matrix eroded and/or melted 270-0-75°

Radial View of Outer Su.,face at 0°
(2X)

Figure 14. Photograph Showing Outer Surface

of Exposed Ring 83301-305-1 from
AVCO R6300
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. Note: Circumferentials
Ed%EXY1ew straighter and residual

Figure 15.

porosity lower than
previous AHP material

Photograph Showing Typical AVCO
3DCP for Rings 1, 2, 4, 8, 9, and 11
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[{ Typical high residual porosity along radials

Figure 16.

Axial View - Ldge
(3:)

Photograph Showing Typical AVCO
3DCP for Rings 83301-200, 83301-202A,
83301-305-2, and 83301-305-3
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Resin starved areas
around radials

Radial Viecw - Quter Surface
(1.5X)

Figure 17.

Photograph Showing Visual Resin-
Starved Areas Around Radials in
Ring 2 from AVCO 3DCP
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/m-Resin starved areas
/ around radials

Radiel View - OQuter Surfac
(1l.5¥)

Figure 19. Photograph Showing Visual Resin-
Starved Arcas Mround Radials in
Ring ¢ from AVCO 3DCP
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Note: Workmanlike
material similar
to AHP 3DC/QP
except residual
porasity and
waviness in circs
vere less for
this material

a. Axial View
{2.1X)

Local area
showing maximum
porosity

b. Axial View
(10X)

Figure 26. Photograph Showing Typical AVCO 3DC/QP for
Ring 3
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Axial View
(5X)

c Extremely high
6 \7 & residual porosity
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between axials
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Axial View
(5X) j

L - i .
. B T . . B -
PN L. L,
. . . o
B . )
B -  an®
[ |
b.

Ihtzerc‘ “igh resiaual porosity
along rawials and between axials

Figure 27. Photograph Showing Typical AVCO 3DC/QDP
in Rings £3301-202B ard 83301-305~5
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Note: Missing
pieces of axials
and circumferen-
tials typical on
outer and inner
surfaces

-
»
-
=
™
.
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®
: 3

£
.

c. Radial View - OQuter Surface
{(2X)

7" = N e A= 1 Trim emon o o 4 v
AN SN VRS I Uiwo ol L_y
Between One Side

~ of Radial and
- . LS S Axial-Typical for
Inner Surface

d. Radial View - Inner Surface
(No Scale)

Figure 27 Continued.
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Figare 30.

Photograph Showing

High frequency of delaminations
along circumferentials-uniformly
distributed throughout material

Typical AVCO 3DCC
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i f
: Missing and
‘ raised radialse
located 285-0-15°
a. Axial View - Bottom Fdge
(2.5M)
— - Migsirg sections
of matrix and circum-
ferenti.ls over
radials located
60-150% in hottonm
edyc
i A¥ial Vicw = Bottom Ldge f
(2.5%)
::‘
Figure 3%. Photographs Showing Structural Change After Exposurc %
1 in Ring 1109-35-2 from AVCO 3DCC :
62 !
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C. Axjal View - Bottowm Edge

{(2.5X%)

~— Single 0.34 in.
long circumferential
crack located in
bottom edge 0.25 in.
from inner edge and at
at €60-65°

d. Radial View - Outer Surface at 0°

Figure 35

(1X)

Coni inued.

€3

Front Yarn Lift
Located at 300-4°°
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. prowy VAT mrp e s e e
: b
H
:
j
— 1-3/4 in. Discolored (dark)
areas located at 75-90° and
240-255°
E
]
H
<. Radial View - Outer Surface
o
Figu e 35 Continued. ]
]
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R

T P . e

Missing and raised radials
located at 0-30°

a. Axial View - Botton hdge
(2.5%)

Figure 36. Photographs Showing Structural
Change Aftoer Exposure in Ring
1109 -35-3 from AVCO 3DCC

65

cmo bl

il i

e

T




e ST TEMAY 1 R LR T Vv ar s it e e

JPYORPE P CRTewes

b AL 1§ i s T

b. 9p°¢°

Cracking Along Pre~existing Circumferential f
Delaminations

Y
[REST.

"
it

ik 03

C. 1e0°

Axial Vicew - Bottom Edge
(2.5X%

Figure 36 Continuecd.
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270°

Cracking Along Pre-existing Circumferential
Delaminations

e, 315°

Axlal View-Bottom Edge
{2.5X%)

Figure 36 Continued.
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45°

Cracking Along Pre-existing Circumferential
Lelaminations

| A8 315¢

hxial View=U9; Ldac

(2.5%)

Figure 36 Continued.
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kadial View - Outoer

IF'igure 36 Contirucd.

70

Surfacce

Front yarn lift
loczted
300-0-60°

e

TRTITI,

3
3
1
4



a. Axial Vicew
(5X)

,. Radial

Figure 37.

View
(5¥%)

Note:
Residual
Porosity
to about
12 mils

Photographs Showiry Typical Sandia Felt CC
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Note: Bottom edge was slightly more porous at 275-0~45° location.

o e e SR R R kR
. o

a. 0°

Axial View ~ Bottom Edge
(2.5X%)
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"
b
B

i

Figure 42, Photographs Showing Structural Change After Exposure in
Ring SN-2 from Sandia Felt CC
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Note: No 2
sigrificant 3
structural 3
change such ¥
: 2
28 cracking. 3
a. 0° -
Axial View - Rottion Ldge
(2,5x)
[/ \ 20 mil voids
surface 3

b. Axlal View - Bottom Edge
(SX)

Figurc 43. Photographs Showing Structural Change After
Lxposare in Ring 9P-2 from Sanlia Felt cC
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TABLE 1

RUT AND MONITOR KESULTS ON AVCO 30CP RINCS BEFORE UNUERGROUND NUCLEAR EXPOSURE

' Radial Ultrm After
Bulk Gunmity Axisl Valonity Radial velocity | Tranamission | Thickness
(gm,em ) ! Scul Orientation] in. ) (in./usec) {add:qd &b} Profile Visual/X-ray, Liquid
by N petore  Rlta {Deyg.) seTore ter | Bafore ter Before  Rfter (inch) Penatrant Results
‘ . o a
H 1.40¢ l 0 5.)¢s¢e 0.1648 16.%
as #3710 0.160¢ 4 Background, ,
90 0.3687 0.1633 24 L. Materfal gonersl » similar to
! 138 ' desl 0.7640 23 AR 3DCP reporte: in
' 1u¢ 0.3822 0.164, T AFPL-TR-72-160,
| 225 0.3711 0.1638 25,5 7. Poinforcemsnt wa
. ! 270 0.3735 0.1641 27 pllc«d.\ Mas vorkmanly
| 3 0.3687 0.1642 6.5
Mean Q.3713 0.1646 s 3. Material in Rings 1,2,4,8,9,
s 0.0080 0.0016 1.4 and 11 had lover porosity
R L and strajghtar ciycs than
4 41y 25 gg::i g.%z:z g:.a‘n AHP material, Pigure 15,
' ’ 90 0. 5650 0. 1658 ' 4. :;g;il;lzin :inql #3301-200,
118 n.3652 164 2 -202A 3301-305-2, and
' 3 0.1¢64¢ .330)—305-:'! had oxtruui
, i 180 0.3675 0.1673 28 . . Y
| i 225 0.3685 0.1642 26,5 high residuel porosity along
l 27 0.36(0 0.1625 8.5 radials, Figure 1.
{ 3113 0.3719 0.1638 8 Before-Exposure Varia
[ ; Mean 0.3674 ©.1637 28 R riations:
) i ad 0.0024 €.0055 0.6 $1: Mo flaws
4 Ly 0 ' * t #:
. | | 45 1. Rasin starved areus arournd
, 1 90 radiais on outer surface by
¢ | 135 vision at followin
{ | l 180 locationa 9
: ! 225 )
: | 270 S0RI Oriepn. Location from
X : H 1y Dug. Bottom Edge
: , | (in.})
B ROE Y9! i [ ? : '
! s 30 - 45 0,5 ~ 1.6
‘ 90 70 - 100 0.6 - 0.9
! i 138 170 ~ 1%S Bottom—Top
! 180 =252
: 250 Figure 17 shows typlcal
’ 337 2. Volume orisnted low-abaorp-
, ‘s tive alignmanta by awjal
| i HQA: ligrzg(locn‘.od at SoRl
, . - and 70-105°¢.
9 hLe1y ! 0 0.3562 2.1639 25 3. Sirgle 0.8 inch long low-
. 45 0.3549 0.1706 23.5 absorptive alignmont at
: 80 0.3538 0.161" 22 S0RI L' by axial X-ray
118 0.3571 0.3774 24.%
, 180 0.3563 0.1715 23 4. Top outer edga had besn
‘ 225 0.3515 0.162% 22 buzp. 2 resulting local
! : 270 0.3698 0-1714 23 Farriz/rainforcemant inter-
i ‘ s 013“5 0:17“ 255 ;aco fatlure, Figure 18.
' | Kean 0.3583 ¢.2600 23.5 fumped area measured 0.4
sd 8.0064 0.0048 1.3 a
‘ ] L ] .
! |
e T —

96




F-rr-—

e s ——— s ey e - ——_

{
H
i

o e

- e

ik on A R

i

SRR

v
L}
N

b P ST S s

ZABLE ) CONYINUED

2.

Ko after-hit ¥DT - appilication redirectsd.
Work stopped and spplication redirected on this ring aftsr upexpacted failure of IDC/QP xings in

flyer plate testing at Kamen,

Tyimethylpentans wap used am the liquid peratyant.
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- - Ra ial Ultra | After
k i Axial Velreit Padial Velocity |Troasmiasion Thicknees '
-“ll xgt)w SoR) Orientation * (in. L‘@c)y un._fl‘rl_._c_) (adled db} rrofile Visusl/X-ray, Liguid
Rirg No. [Mefore ftex (Deg) nefore After | Bafore Xfter Befora Ifter {inch} Penetrant Rasults
- ———————— ,—-——1 e 2 ———— -
l e
2 1. hesin starved areas around
b8 1.404 /] 0.3611 0.2646 2 rndl:ll o: outar :né innex
’ 45 0.3619 g:::: §§ s surfaces by vision st
$0 0.3608 & 23 following lacations:
115 0.s688 0.167%
180 0.3673 ] 0.1664 22 SoRI Loostion
3 1741 0.1688 % Surfsce Orisa. from Battom
3% a:3740 ¢.1726 24 =TT (pey.) Edge (4n
270 - ' -)  Edge (in.)
s 0.3725 c.167% 2109 outer 20 - 30 1.6
Naan 0.3697 0.1670 i outar 60 3.9 - 1.6
e 0.0065 0.0033 -0 Inner 70 0.3 - 1.3
L1871 i3 OQuter 160 -~ 180 1.6
01-200 16 o 0.2862 0.187 tax
LEY b 45 0.2873 0.1982 4 2. 0.32 inch low-absorptive
2 0.203¢ 0.1994 ares located at SoRl 20° by
13% 0.2939 0.1092 29 axinl X-ray
180 £.2019 0.1960 ;g " N
225 0-3:;; gggg; 3 1. Resin starved ereas around
270 g-z;‘. 0 3904 1 radiale, Pigure 19, on outer
318 282 . a Y sulfaca by vision located as
X Maan 0.2039 0.1931 w°i5 follove:
| sd ¢.0019 0.0031 ;5 SoRI Location from
; i 0 0.2804 0.1473 Orgen. Bottom Edge
bsri-20aa 1407 45 0.2803 0.1062 26 {Deg.} —an)
%0 0.2043 0.1054 21 1l0-140 0.4-1,7
135 0.2819 0.1054 29 190-200 1.4-1.9
190 0.2855 0.1799 134 . 225 0.9-1.3
229 ©.2886 0.1978 as 260 1.8
270 0.2916 0.1868 25 295-310 1.5-1.9
| ns 0.2800 0.18.0 24 2, Part through-thickness low~
H Maan 50,2841 0.1875 26.3 absorptive alignments alony
ad 0.0043 0.0052 1.7 radisle by axisl X-ray loca-
£)301-305-2 11,316 0 0.2022 0.1900 20 ted 5oRI 10-45%.
[ a5 0.2037 0.1470 23 3. Single through-thicknass low-
90 0.2855 0.1875 2 absorptive alignment sleng
133 zﬁa; zﬁ:: 5‘; radig) located SoRJ 340°,
10 283 . 9
225 0.2824 0.1951 25 1. Resin starved areas arcunc
26
270 0,2055 0.1876 2 radiale on outer Outer sur-
318 G.2857 0.1930 2.5 facn by vision located SoRl
Mer- 0,208 0.1504 : 5-15* and 1 inch from bottom
- t.0022 | 0.0033 1.5 adge,
,377% 0,18%) 29 2. Through thickness low-
£3701-305-3 11,321 25 g.n'.s 0.1812 29 absorptive slignmenta along
90 0.285% 0.1928! 27 radials at SoRI 135%, 140°,
135 0.2813 0.1940 25 and 350* by axial X-rsy.
100 0.2781 6,19:3 26 #11:
225% 0.278% 0.1833 27 1, Misoing matrix between re-
270 0.3783 0,1896 il inforcement in outer surface
s 0.284¢ 0.1093 29 loceted SoRI 165-200° and
Hean 0.2808 0.169) 28 from bottom edge to .7 inch
L] 0.0332 0.0045 2.0 above hottom edge hy visjen,
2, Volume oriented low-abrorp-
tive alignments located s5RI
15.-245° by aricl X-ray.
01301-;001 Nu flaws
83301-202A: No f[iawx
93301-305-2: Low abiorptive
alignments by axial X-ray lo-
ted SoRI 3i(-330°*.
03301-305-3: No flaws
Designated Exposure location:
¢ 1x Any
¢ 2: SoRl 270"
4 ¢: Eae Note 2
9 8 - - "
L) - . -
$i1: " - -
83301-200: SoRl 225°*
83301-202A: SoRI 90°
93101-305-7: SoRI 135*
#3301-205-): SoRl 90°*
After-Expogire Etructural Change
S5ee¢ dNotm 1
Notea:

!

s i o e AR b i, a8
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CLRUE 4
NOT AND ‘NONITOR INGPECTION NMEISULTS QN ANMCC ADCAQF ONGG BEFORE UMDESOACINY SUCLEIAM SXPOSURL

%‘-aux ‘lﬂm I m
e

v iwual/x-ray Liquid Penwirant?

| Bingwa. - — - M
F i .5 Seyokg rowsd |
4 | L% I : €Y Materaal workman like
295 : and wimilar to ANP
i LR OC/0F ~wpcrted in
4 ».3 ¢ AFML-T%~72~1860

Xcept recidual

L]
Tt
20
ars
. 1ED
azs
WO 0.3 ' porosity and wvaviness
s 0 in ciros were lass Yor
) -3 4 H This matarisl, Fiqure
-t 1.3 | 26,
L 83301-2028 1.2 0 4 b 3 i
. &5 1 «a.aary «. 2980 n : BadOY-2028
0 1 ©-am1 LB el 23 #41301-30%-5:
1 am o.M 0,199 ¥ | 1. Seirtorcemert lay up
amn 0. 3078 .1900 2 workasen like,
=t 0.3 © . 1am3 is 2. Meridual porosity be-
xre 0.2471 0.3871 a2 tween sxials and along
x5 0.l [ W} 3 b+ redials extremely high
evwn 0. 2088 3.1928 21 in gutes met<rials,
il 0.7l 9,006 2.1 Pigure 1a and hb.
18201-20%-% .85 D 0. 00e2 0.10% a8
s o_1852 a8.151% 23
E] B R0E L] 13 3. Hissing pos of axials
b 3% 9.3719 8. 29%% P &S and ciros on inmor ad
3 3 .F ] 0.2062 e.1321 4 21 sut.r suxrfaces, Figure
225 03048 DA 2 Ic.
. 2% O.AYS 0. 1820 3 23
25 .3451 je 21
) 1 Eans D.3842 LAey 2i.%
£ . P ©.0a27 ©.9937 1.7
1 4. Residual porosity be-
1 tuwesh une side of rad-
3 j tal end axial on inner
K L - wurfage - porasity
' occasienslly in ssc-
: y 1 VaLos 1 cewding radials in
S k axial dirsction,
E A 1. Mo affwr-amposure SBT - applicstion swlirectad. Figute 276,
E 2. Work snpped and applicatisn redirectsd on this rimg after
3 wnaERarted fallure of MeEEMS rings in flpar 2120 WSS Peivie-s a a '
) &t Eoaarn
1 3. Triwetiyipmstan wae wowd am the liguid pesetrewc. a3 Mo flaws,
v, 8330.-2028: Mo flavs,
3
‘ 23301-205-51 Mo flawa.
’ﬁ BOR1 Designated Exposure
- ’ G Leooations:
43: Mo dsaignation - sea
Hote 2.
€2301-202B;: SuhI 4°°
93301-305-5: SoR1 225°
Mter-Exposure Structural
_Change:
Sag Note 1.
1 —_
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TABLF

5

NDT JAD MONI7TOR FNSPECTICN REGULTE ON AVCO JDCC RINGS BEFORE AND AXTER UWLERGROUND MUCLEAR EXZ0SURY

R 'i!'m XLar =
1z it Axial Valocit: Radial Velocity ranomieslon '}
“t;nc:“n!) ¥ | orsentation & 1 Minezugec) (added ap; | PRofile™® | viewi/x-ray/ Liquid !
Ring No. hro:i"‘}'hu (bwg.) Tear | salore ter [mufore Atier | (irch) Panatrant Resilts
109-3%- 1.638 1.636 [ 0.3651| 0.¥408 0.210C 121 4.5 Sew Note 3 Background:
! 382 43 0.3718] 0.2432 0.219% 1 1% 22
1. Reinforcement lay up
20 0.3682] 0,2475 | 0.2155 |22 22 wockman 1ike. an. ¥n
138 0.3703] 0.2460 | 0.2107 {16.5 23.% eneral, matwrisl vas
0 0.3838) c.2e40 | 0.2101 |1s.8 22 meu:'vo e 3oce
225 0.3853) 0.2393 | ¢.2502 |20.% 21 reported in
270 0.33%¢| a.241% | 0.21%7 [16.% n L4 TR-72-160
s 0.3574] 0.2526 | 0.22¢3 |17 19 ”m'."'f elar de N
Maan 0.3627) 0.2444 | 0.2179 {1n 22 Cize r:ﬂ:‘:x)h r uea ot : ans
»d 0.0040 | 0.0071} 0.004) | 0.0046 |2.1 1.7 ircs w ghe an fu

AHP, Figire 30. 1he delans
ware uniform)ly diatsributed
Trroughout,

2, icasional missing radials
in machined surface.

Befove-Exposure Variations:
TI0F- TS 3 Mo Flaws. ~ Baskgroand
circ delams mest frequunt from
Ja=33ee,

1)0y-35-3:1 No flaws. Severest
9iakground circ dalass ware

i atiat £t 55=1750%, 190-235°%,
ard d85-3,0°,

SoR1 Desiyinled Exposure [
Locationas
1108 +15-21 CoRI 315°

1108-25~%:  JoRi 329°

Moo -Exposure Jtructural Cha

im::-:;z—?c’ rol Change,

t #teom gdgen

1. Miiming and raiesd radials
1c rted 1V5=0 15°, Figure d%a

3. Spailed rections of matrix

ent i.c8 over radials lo-

eiw . Yiguwrw 355 mu-1duU-.
®irg w 6. 4% lorg care crach

Toen ad 0.05° Izom inner edge

£ L% G0-65" Piiure 3sc.

é. . serally, edeacs of circ
zracking along pre-axisting
eirc Jalams comeiA-ly
around ring.

w1 Too Bdgu
¥o appasent strucwnuzal change
from undarground Lust .

Ct Ouery Surifece:

1. Occasianal frvont yura 1ift
loceied ax 340-0-47° .

Figure 153.

2, Single 1-3/4" discelored
(darx) oicas locatud at
75-90° and 249-255*, ricure
35e.

D1 Inner Suriace-

No apparen: miruczw =) change

Note: Peneilis t :hsorpticn ia

the &.4u0 wem highet in
the &)X, - zony of ‘his
rang.

“
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TARIL 5 LOMIIMURL

e e —— - S —
T in.un Wit Tadiom —-1

Mg
Bulh Density 1 Axial Walocity|Padisl Ymdscity b imusl/N-rey/Liguid

gw 9 | dandilewt b} rrafide
(gw/em’} Q) pentatisny in. Thn ) Kk l : /a-cay/Ligy
Hing Nu. |Bclaore Afver ey . ) 1‘5_2%: P Tl!nn L 344 ﬁ Ldmoh) Porciiant Sesulls

. B ' . -1

Yivs- dy 3 Loatt [ 1.e40 0- £.2215 |0, 9% ] 0 miss § p.ause Jae.s Pou e 3 | L1DP-35-]
45 0.373: 2. 99428 D238 ] €.20m0 {20 5 A: Wottss Rige:
0 0.3%¢ He . mmedl a.aesy | Arses 3% 1. Missing and raised radisle
135 s, 516 Ro.oeeef o avaw || ©. 380 Jau.s Acawhald ot 0-30°, Figure Ma
4 am v.sver Ja asvr] o.mmar | 2 2. Gwomrally, indinations of
{ 25 o, ymev 10. 950 o.oa1s | 0 pany Ima | nrecking within pre-existisg
270 0.1760 J0.8516] u, 2441 | C.24u: §23 Tirc delams conpletrly around
1i5 0.3774 0.8 | 0.R01a Q2376 42).5 Ting Mith sevarest uccwrring
Maar 2.3769 |v.as61 | 0.2467 ] £.2371 Y22 ) :l g“;ﬂ;‘z": Figures &b,
- §-0017 Jo.8032{ 0.a0he 0.0060 41.7 p 3. Muisasing matrix betwasa axials
j antl naxing ends of anile
Peotwnon rad!als locatad nesy
9 wubar edge at ¥5H-D-15°,
%: Taop Rige:
{ Cupmvally, indioations of
®oaoking within pre-sxistiny
i wanc daleas voxplecely around
‘ ' 4 ‘ xring with severeet occurring
i

[P

[
- e -
o,

3 L]
W

v

o o b
o

af

| AL WD~9-75%, Figures ¥&f,
1 k 3 ; g, and h.
i Qurer Burface:
#rent wxrn lif: located
F0E-0-K0* . Figure 364,
‘ 0: s Rurfaoe.
4 Slg appErent Slouctural change
‘ 3 MNaLee
i { 3 1. Maaal M-ray revealed a 1-1/2"
b Aong Tizr Amwv-abhaorptive
1 2 Aldywsmnt st 1157,
3 [ ! ] 2. Mwascreat sbsorption indi-
i ] cmeell masimum cracking at
MDD -10* ii Dottoe odgc
| ___J ) E And =t T5-43% in top edyge.

4
o e - PR

2107-35-1 Exposure S tas £ R381 3307, WAl alder smpoe=ri data weom sned At #5° Linons L] ing at
saR} 315°.
2. Tiaimcihylpantane was Lol e tic iegull pemmtrsnt.

3. Thicknews profiles kdngd on cvmiage Valums fras msasEpamsnts at lS-degany izngesensts deogied 1/4 inch frem
£C;- and bottowm wiges mnd ak mmpeer ST TINgSS

- 2700 288 | o | 38* |
A8 -, |G | vTr [T [
109-235~3 [0.49"1 0.4975 |0.4974 (0. tunf ]

] _woe 50 20+ |
T.EY |5TWYT | TuPEY
0.9990 |0.3000 n.sooﬂ
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NDT AND

TABLE ©

MONITOR INSPECTION RESULTS ON SANDIA FELT CC RINGS BEFQRE AND AFTER UMDIRGROUND EXPCSHRE

Radial Ultra After
Bulk Daqnity Orien- Axial Velocity | Radial Velocity { Transmigsion | Thickness
Ring (gu/cm?) tation' (in./usec) (in./usec) (Addad ak) Profile Vigual/X-ray/Liquid Penetrant?
NG, | Belore After {Deg) Before After defore After Refore After {inch) Results
9N-2) 1.813 |1.914 L] 0.1153 | 6.1131 '0.1197 ¢ 0,.1117 52 49 See note 1 Background:
- 0.113%) - (0.1162) - S
45 0.1157 0.1136 |0.1221 1} 09,1166 51,5 4%.5 Uniform and typical Felt CC.
90 0.1157 {0.116) |0.1171 ] 0.)249 51.5 49 Fagidual porosity to approx.
135 0.0174 |0.1145]0.1145} 0,11923 Sl 49 12 mils, Figure 37a and b.
189 0.1154 |0.113) }6.11811] 0.1199 51 49.5
225 0.1171 10,1147 10.12121 0.1194 5& 49.5
270 0.131%6 |]0.1166 |0.1204 ! G.Y137 52 49
315 0.1166 0.1155 ]0.1177| 0.1300 52 19
Mean 0.1265 |0.1146 |0.1188) 0.11AR6 51.5% 45
sd 0.0009 |0.9013 |0.0025] 0.0038 0.4 0.2

SR-T1

kefcre-Expogsure Variations:

1, Bkew low-absorptive alignments
by axial X-ray located a% (10 -
125* (SoRI 30 -45°) and 170 =-
138% {3URI 56 - 1i¢™}, Faquue
36.

2. Single 0.15 inch long reoial
low-absorptive alignment by
axial X-ray - extends from duter
surface and located at 255°
{SoRI 175°%).

9p-2:

Single 1/4 x 1/2 inch low-

absorptive area by axial X-ray

located n. t inner surface «nd
at 225°,
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TABLE 6 CONTINUEU

-
—T Radial Ultra lAfter
Bulk Density |Orfen- | Axial Velocity |Radial Velocity Transmissjon ]Thickness

Visual/x-ray/Liquid
m/om? tation® tin. fucec) (in. /usec) (Adced db) Profile
R;gq lé?oks ;ltqr (Dag) | Dafore After |Pefore After pefors Aftax | (ipch) Penetrant Resulte
T .
9p- 2 1.830 |1.330 o | o.1109 |6.3097 |0.1380 [0.1:73 | s2.5 | 50 {see note 3 SORI Daslgnated Exposure  location
45 0.1157 |0.1089 |n.\1ee | 0.11%4 $1.5 | 31 BN-Z77 FoRI 280" ’”"
90 0.1146 [0.2123 [0.1136 { 0.1208 52 50.3 9N-21 SoRl  0*
135 0.1150 [0,3134 10.1158 | 0.1186 52 50.5 After -Exposure Structural Change:
180 0.1163 [0.3150 [0.1142 ] 0.2171 52 51 IH-2:
225 0.116¢ [0.1126 fo0.115¢ | 0.1182 $2 51 No significant satructural change
270 0.1173 ]0.1126 [0.116) | C.1249 52 s1 revealed, Material located on
s ¢,1136 10,1127 [0.1235]0.2095 s2 50.5 the bottom edge at 275 -~ 0 - 45°
Mean | 0.11%0 |0,1123 10,1167 ] 0.1177 52 5G.% was slightly more porous avpear-
8d 0.0020 [0,0020 {0.003L | 0.0044 0.3 0.4 ing, Figuie 42a shows bottom

adge at 0°*. Also, material

lotated in outer gurface at

! 270 - 0 ~ 90° was slightly
discolored (dark), and texture
waz rougher, Figure 42L apd c.

9F-2:

A1  Bottom Edge:

1. No significant changs such as
cragklng, Figure 43a.

2. Porosity slightly higher due
to 20 mil and smaller voids
located 270-0-%0°,

3. 20 mil voids in surface
({located 240-255*; and 270°,
Figure 43b.

B, Top Edg.:

1, No significant changa such as
cracking.

4. Entire edge showed streaking
diecoloration {dark) with most
apparent occuvring at 345-0-£0°

3. Single 80 mil chip in outer
edge at 315%, Figure 43c.

C. Outer Surface:

: NMaterial remcval and discolor-

! ation located at eiposure zone

z approx. 270-0-30°*, Effects

were conti

roue from top sdge

: own to approx. 0.10 inch fxom

X bottom edge yesulting in a

ridge of virgin appzaring

s material running along the

. bottom edge, Figure 43dand e.
Thare was no significant change
in porosity or surface texture
in the expossd zone.

: D, TInner Surface:

1 No structural change revealed.

Noteg:
1. $N-2 axposure § was st SORI 260°. All other monitor data were measursd at 45° increments
starting at SoRI 270° axcept as noted.
! 2. Trimethylpencare was used as the liquid penetrant.

i 3. Thickness profiles based On average valuss from measurements at 15-degres incraments located
1/4 inch from top and lottom edgec and at center of rings:

.|
o

| i - = TIERT - I

! - .

i Ring 215 285° Joo* i1se LX) JlSquﬁr“" 15°* e 45° 60 15° 90°

IN-2 0.4991(0.4984 ]0.4977 | 0.4977, 0,4975|0.4975 P. 4974 P.4972 [0.4977/0.4983 |0.4991 {0.4991 G.4990

H 9P-2 0.459210.4990 [0.4970 | 0.4961] 0.4962/0.4968 p.4975 D.4970 0. 4967 0. 4966 |4.4974 [0.4574 | 0. 4992

; — Z € Radal A . i , = _

5
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TABLE 9

FELT CC CURVED COMPRESSION TEST RESULTS
[Fixed End Test]

Specimen o] EI Es €
psi 106 psi 108 psi in./in.
1-1 6530 1.22 1.08 0.0290
3-1 7520 1.34 1.10 0.0304
2-1 9170 1.29 1.11 0.0378
(Supported)
1-C 6570 1.27 0.97 0.0282
3-C €300 1.10 0.97 0.0275
2-C 8350 1.23 0.97 0.0284
(Supported)
2-0 7000 1.27 1.27 0.0306
3-0 6820 0.91 0.85 0.0330
1-0 9220 1.27 0.96 0.0430
{Supported)
Averages
Inner 7740 1.28 1.10 0.0324
Center 7073 1.20 0.97 0.0280
Outer 7680 1.15 1.03 0,0355
Supported 8910 1.26 1.01 0.0364
Unsupported 6790 1.18 1.04 0.0298
Note:
EI = IXInitial Modulus
Es = Secant Modulus at 1/3 %9.01
©0.01 = Stress at = 0.0l in./in. Strain

Specimens run with lateral support had approximately
60 percent P/A Stress.
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TABLE 10
3DCC CURVED COMPRESSION TEST RESULTS

{Fixed End Test]

Specimen o EI Es £
psi 10¢ psi 10° psi in./in.
1-1 6780 2.28 - 0.0020
3-1 6360 10.7 - 0.0008
3-0 9820 8.58 - 0.0018
(Supported)
4-1 6450 6.20 5.9 0.0016
4-0 6200 6.9 - 0.0012
5-1 7420 7.2 - 0.0012
S- 12,450 15.4 - 0.001¢
{Supported)
Note:
EI = XInitial Modulus
Es = Secant Modulus at 1/3 0 _ 01
%.01 = Stress at = 0.0l in./in. Strain

Specimens run with lateral support had approximately

60 percent P/A stress.
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TABLE 11

COMPARISON OF CLIP-ON vs STRAIN GAGE DATA IN COMPRESS1ON FOR
CURVED FELT CC SPECIMEN 3-1-UNSUPPORTED

Arisﬁféinw(ﬁrin./in.)

stress (psi) |cjip-ons | $.G. Convex | S.G. Concave | §.G. Avg.

0 0 0 e 0 c
2000 1920 1225 3285 2255 1030
3000 3800 2045 6486 4265 2020
4000 6760 2912 11,275 7093 3181
5000 10,780 3629 18,865 11,247 7618
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